The following papers were also read: ABH 
HL-A Associations in Cliniical Research
Discussing the multigenic control of susceptibility to Friend virus disease in the mouse, Lilly (1972) commented: ' The difficulty is that in trying to understand the basic mechanisms involved in polygenic control there is no substitute for reaching into the black box and picking out the genes one at a time, identifying them, mapping them and studying their individual mechanisms of action.'
Although this may prove to be a counsel of perfection when it comes to the study of disease in man, it is evident that the discovery of associations between disease and the HL-A system represents at least a start in this direction. Genes underlying susceptibility to a surprisingly wide variety of diseases, thought to be under multigenic control, occur at loci in the HL-A chromosomal region. One immediate problem relates to the indirect way in which the presence of these genes is revealed (McDevitt & Bodmer 1974) . If indeed most of the genes of importance in this respect do not determine the serologically defined HL-A antigens but are closely linked to the HL-A loci there is an important corollary. This is that the relative importance of such genes in the pathogenesis of a particular disease is not necessarily related to the strength of the association with any particular HL-A antigen. The presence of a gene causing susceptibility to a disease may be suspected because of a rather weak association with a particular HL-A antigen in a population study, but the contribution of the gene to disease susceptibility may be very important. This, together with the statistical problems inherent in studying associations between the HL-A system and disease (Svejgaard et al. 1974 ), leads to difficulties in assessing the potential importance of data obtained in these studies.
Family studies can contribute to providing further useful evidence and this can be illustrated by studies that Dr Andrew Cudworth and I have carried out in relation to diabetes mellitus (Cudworth & Woodrow 1975) . We first looked at a population of patients who developed insulindependent diabetes before the age of 30 years together with a control population. Out of 150 juvenile diabetics 74 (49.3%) had HL-A8 compared with 93 out of 300 (31 %) controls. These data can be combined with those reported from Copenhagen (Nerup et al. 1974) giving an overall relative risk (Woolf 1955) for this type of diabetes in HL-A8-positive individuals as 2.4 (X2 30.76, 1 d.f.). In relation to W15, 31 of 150 patients (20.7%) were positive for this antigen compared with 30 of 300 controls (10%). The relative risk for diabetes in W15 positive individuals is 2.1 when these figures are combined with those from Copenhagen (x2 14.35, 1 d.f.). Individuals who have both HL-A8 and W15 have approximately double the risk of developing juvenile diabetes, compared with those possessing only one of these antigens. There is thus evidence from the population study that there may be a locus in the HL-A region at which there is a diabetogenic gene and that this gene is in linkage disequilibrium with HL-A8 and WI5. The next step was to carry out family studies, selecting those families in which 2 or more siblings were known to have this form of diabetes. The argument was as follows: (1) Any pair of siblings may have both HL-A haplotypes in common.
(2) They may have one in common.
(3) They may inherit completely different haplotypes. With random zygotic assortment of HL-A chromosomes a series of pairs of siblings should show these respective patterns in the ratio of 1:2:1. If, however, there is present in the HL-A chromosomal region a locus for a diabetogenic gene which must be inherited by affected siblings in a particular family, the normal pattern of zygotic assortment will be disturbed, with a tendency for affected siblings to have identical haplotypes. Table 1 shows the results of this study. The probability of finding this pattern, or one more extreme than it, if the development of diabetes in the sibling were in no way influenced by the inheritance of particular HL-A haplotypes, is 0.001. The most likely conclusion is that diabetic siblings have inherited at least one gene in the HL-A chromosomal region and that this has been We have looked for possible genetic heterogeneity in juvenile onset diabetes. There is some suggestion in our data that the relative frequencies of HL-A8 and W15 vary with the age of onset and this might mean that different diabetogenic genes occur which predispose to different environmental agents at different ages. In addition we have had the opportunity of collaborating in a study of identical twins, one or both of whom has juvenile onset diabetes (Nelson et al. 1975) . Approximately half the twins are concordant for diabetes. The frequency of W15 was increased over that expected in both concordant and discordant pairs and the frequency of HL-A8 was increased in concordant pairs. This suggests that genetic factors are important in both groups of twins. It might be hypothesized that there are two separate diabetogenic genes at different loci, one more penetrant and contributing particularly to susceptibility in the concordant pairs and the other less penetrant and contributing more to the discordant pairs. However, the data suggest it is more likely that there is one major locus for diabetogenic genes in the HL-A chromosomal region and that whether or not the co-twin develops diabetes depends on environmental events. The concordance rate for HL-A8-positive twins was somewhat higher (62%) than that for WI5-positive twins (40 %). The difference is not statistically significant but if a real difference were to be shown by further studies the implication would be that there was one diabetogenic allele in linkage disequilibrium particularly with HL-A8 and another particularly with W15.
The mode of action of the HL-A linked diabetogenic gene(s) can only be speculated upon at present. There is some interesting circumstantial evidence that virus infection may be implicated in the development of juvenile diabetes (Steinke & Taylor 1974) and ways in which genes in the HL-A chromosomal region might predispose to disease following exposure to viruses have been suggested (Bodmer 1972) .
We now have a group of conditions shown to be positively associated with HL-A8, i.e. coeliac disease, HBAg-negative chronic active hepatitis, Addison's disease, Graves' disease, one group of patients with myasthenia gravis, as well as juvenile diabetes. There are suggestions in the literature that some of these diseases occur together in the same individual or in different members of the same family more frequently than expected by chance. There is obviously much heterogeneity between these conditions but immunological processes are undoubtedly of some importance in all of them. In relation to juvenile diabetes there is increasing evidence that autoimmune processes may be involved. It is possible to speculate that there may be some common characteristic dependent on a gene in linkage disequilibrium with HL-A8, and which underlies susceptibility to these conditions. Considerable attention is at present being given to normal autoregulatory processes which suppress any tendency for auto-antibodies or T cells recognizing auto-antigens to emerge. Perhaps the HL-A8-linked genes have an influence on this. A cluster of disease syndromes have been shown to be positively associated with the presence of W27. These include ankylosing spondylitis, Reiter's syndrome, nongranulomatous anterior uveitis, the 'reactive' arthritis of salmonella, shigella and Yersinia enterocolitica infections and psoriatic arthritis. It is clearly of particular interest that infective agents feature in some of these conditions and this naturally leads to the question as to whether or not such agents may not be important in the etiology of the others, e.g. ankylosing spondylitis. Family studies are of some interest in this group as well. With few exceptions affected relatives of W27-positive probands with spondylitis have also been W27positive. If the susceptibility to these diseases is not due to the direct effect of the W27 gene itself but to a closely linked gene it may be asked whether this gene is the same for each of these diseases. There is some evidence that a common gene is likely to be present. Siblings with anky-losing spondylitis and Reiter's syndrome respectively, both inheriting the same HL-A chromosomes including W27, have been documented (Woodrow et al. 1974) . Similarly, uveitis and spondylitis may occur in the same family in association with W27. Thus the genetic background to these diseases may be the same and the particular pattern of the disease may depend very much on the nature of the triggering environmental agent and in particular infective agents. Whether or not disease occurs in the individual, and the particular pattern of disease, may also depend on other genes inherited. Some evidence for other genes can be obtained by looking at families (Woodrow 1975) . One such family is shown in Fig 1. One proband (IV, 1) had Reiter's syndrome and another (IV, 3) had spondylitis. It is seen that both were W27 positive. W27, however, was not inherited from their common ancestors but from completely unrelated individuals (IfI, 2 and III, 4). This would suggest that another gene was segregating in the common ancestors which in combination with W27 or a gene associated with W27 produced a susceptibility to disease. It is very likely that this is a common pattern for the genetics of many common diseases. The identification of HL-A-linked genes must be followed by inquiry as to their mode of action. In particular, basic studies of the genetic variability of immune responses in man are required.
